Objective: Doxorubicin has been the mainstay of treatment for advanced STS. However, the conventional formulation of doxorubicin has not been used clinically, due to poor penetration of the natural physiologic barriers, poor water solubility and high side effects profile. To overcome these obstacles authors compared the use of Specific conjugate particle doxorubicin (Group 1), a proven efficacious agent with advanced technical drug, and PEGylated liposomal Doxorubicin (Group 2) in a randomized prospective Phase III trial involving patients with advanced soft tissue sarcomas.
Introduction
Soft tissue sarcomas (STS) are a heterogeneous group of solid tumors, arising from mesenchymal or connective tissue. Sarcomas account for about 1% of all adult malignancies and 15% of pediatric malignancies [1] . Soft tissue sarcomas can occur at any age and in any part of the body [1] . The most commonly involved sites are lower and upper extremities (50%), the retro-peritoneum and the abdominal viscera (30%), the thorax (10%), and head and neck (10%). Exposure to ionizing radiation, chronic inflammation and inherited genetic alterations represents the known etiological factors [2] .
The most important treatment for all localized STS is radical surgery whenever possible. For orthopedic sites, pre-or postoperative radiotherapy is demonstrated to decrease local recurrence [3, 4] . Chemotherapy has widely used for decades in different situations in Soft Tissue Sarcomas: (i) as palliative treatment in advanced cases; (ii) for down staging, i.e. decreasing size to facilitate radical surgery of the primary tumor, lung metastases or, occasionally, metastases in other sites; and (iii) as adjuvant or neoadjuvant treatment in highgrade localized disease in combination with the local treatment of the primary tumor [5] .
STSs remain a challenging malignancy to treat, not only because of their high clinic pathological heterogeneity but also because of their limited responsiveness to most conventional chemotherapeutic agents. Patients with STS, even after complete local disease control, often relapse locally or with distant metastases. Almost 50% of patients where there is good local control will eventually present with metastatic disease, and patients with advanced or metastatic STS have a dismal prognosis, with median survival less than one year. Therefore, novel therapies are urgently needed [5] . According to National Comprehensive Cancer Network (NCCN) current guidelines for the treatment of advanced unresectable STS are singleagent or combination regimens as options for the first-line treatment [6] . Doxorubicin is the single most active agent in the treatment of metastatic STS, producing Objective Response Rates of 16% to 27% in clinical trials [7, 8] . Doxorubicin combination regimens are MAID (Mesna, doxorubicin, ifosfamide, and dacarbazine), Doxorubicin and Dacarbazine (AD) and Doxorubicin and Ifosfamide. There is no difference in overall survival rate between single agent regimen and combination regimens [9] . Regardless if the type of tumor is chemosensitive or not, regardless of its line, doxorubicin may be considered and needed as a key component [10] .
The negative effect of compounds with low solubility include poor absorption and bioavailability, insufficient solubility for IV dosing, development challenges leading to an increase in cost and time, and the burden shifted to patient (frequent high-dose administration). Low aqueous solubility is a major problem encountering almost 40% of the new chemical entities in the pharmaceutical industry.
Selection of method for solubility enhancement depends upon drug characteristics like solubility, chemical nature, melting point, absorption site, physical nature, pharmacokinetic behavior and so forth, dosage form requirement, strength, immediate, or modified release and so forth, and regulatory requirements like maximum daily dose of any excipients and/or drug, approved excipients, analytical accuracy and so forth. Specific Conjugated Particle (SCP) provides a homogenous system which achieves the desired concentration of doxorubicin in systemic circulation to provide the anticipated pharmacological response. SCP's intellectually protected design uses crystal engineering as well as complexation to overcome the solubility challenge of doxorubicin. It reduces frequency of dosing and better patient compliance combined with a low cost of production. SCP technology is a promising candidate for effective delivery of deprived water-soluble moieties. SCP is a sub-micron colloidal dispersion of pure particles of moiety, which is stabilized by a naturally occurring hydrolyzing entity; unlike surfactants, whose use expands across topical, oral, parenteral or pulmonary administration. In particle-suspension, their size is usually in the range of 200 and 600 nm [21] . The SCP-Doxorubicin is 4-5 times more soluble in water and no precipitation or sedimentation was observed even after 24 hours of dissolving it in water at room temperature when compared to conventional doxorubicin. The solution remains stable over a wide pH range, with no aggregation at either acidic or neutral pH. The hybrid formulation is stable for two years in cold (8 °C) and for four weeks at 37 °C. There is no sign of interaction of serum proteins upon entry of the hybrid product into the body [11] .
Simply put, our current indulgence of the molecular basis of cancer in addition to the advances in its discovery and treatment, and poor outcome is acute in seeking the right cure despite great advances that have been made in therapies. SCP-Dox is an attempt in proceeding with the current treatment regimens for cancer which have shown limited survival benefits when used for most advanced stage cancers. We generally target the treatments on tumor bulk but not its cancer stem cells [12, 13] . Conventional therapies target cancer cells which are highly proliferative and improve the patients' survival if properly targeted [14] .
The traditional cancer therapies; including surgery, hormonal therapy, anti-angiogenesis therapy, and/or immunotherapy show the lack of prolonged efficacy in its long-term outcome. This is deemed to the non-specific effects on normal cells. SCP-Dox may be deemed as an opening in answering this important element of our fight against cancer cells and/or its neoplastic tissues. We tackle the tumors specifically by utilizing leaky tumor phenomenon of the targeted malignancies and expose the stem cells in addition to the differentiating cells. This allows us to venture into a longer overall survival among the treated patients with the highly aggressive tumors such as STS, GBM, etc. We use the particle producing element of the SCP-Dox to mimic salinomycin, sulforaphane, a novel Gemini vitamin D analog (BXL0124). These naturally occurring compounds have the ability to target the stem cells which in turn relinquish the element of their refractory nature of the neoplasm [15] [16] [17] [18] .
We know that cancer stem cells possess characteristics associated with normal stem cells, specifically the ability to give rise to all cell types found in a particular cancer sample; however, it is often considered to be associated with chemo resistance and radio resistance that lead to the failure of traditional therapy [19] . Hence a new technology was invented to stabilize the Doxorubicin better called "Specific Conjugate Particle"(SCP) technology; we combined two different and independently acting compounds into one hybrid compound that can synergize. The potency of the new composite compound is greater than the sum of each moiety. The precedent hybrid compound comes from naturally occurring proteins and small molecules, such as botulinum toxin and bleomycin [20] .
Given that mandate and the excellent results that we have observed in our other SCP therapy studies, we undertook a prospective Randomized Clinical Trial (RCT) in locally advanced or metastatic STS.
Materials and Methods

Patients and selection criteria
Entry criteria for the study included patients with histologically confirmed advanced STS, and be less than 78 years of age. No prior chemotherapy for advanced disease was allowed. However, previous adjuvant or neo-adjuvant treatment with an anthracycline-containing regimen was permitted provided that there was at least a 12-month treatment-free interval.
The trial design and treatment administration
Doxorubicin has been the mainstay of treatment for advanced STS and has consistently produced responses as monotherapy in more than 20% of previously untreated patients. Patients were randomized to receive either Specific Conjugate Particle Doxorubicin (SCP-Doxorubicin) and paclitaxel or the conventionally accepted PEGylatedLiposomal Doxorubicin (PEG-Doxorubicin) and paclitaxel. Patients received 45 mg/m 2 of either PEG-Doxorubicin or SCP-Doxorubicin by an intravenous infusion over 30 minutes on day 1, followed by paclitaxel 150 mg/m 2 as an intravenous infusion over three hours, on day 1. We repeated treatment cycles ISSN: 2377-6668 every 28 days. Patients received a total of six cycles unless disease progression or unacceptable toxicity occurred. All patients received standard premedication before paclitaxel administration to prevent hypersensitivity reactions.
Evaluation of response and toxicity
Clinical data, as well as Karnofsky performance status (KPS) and Mini-Mental Status, were assessed before each cycle. Standard laboratory parameters were measured each week or more frequently, if clinically necessary. Objective Response Rate (ORR) was the primary endpoint of the study; Time to progression (TTP) and Overall Survival (OS) were secondary endpoints. Established criteria were based on tumor response. Side effects were graded according to the National Cancer Institute Common Toxicity Criteria (Version 4.0) for chemotherapy-related side effects.
Statistics
The researchers based the current study on an adapted intentto-treat design. Cox's Regression Model of life table analysis was utilized to assess outcomes and statistical significance was confirmed via Kaplan-Meier estimates. In clinical trials involving patients with advanced or metastatic STS, it is common to count patients with Stable Disease (SD) as responders, as was done in the statistical analysis. Nonetheless, Complete Responses (CRs), Partial Responses (PRs), and cases of SD are reported separately in the text. Cox's regression method was used to estimate the risk of occurrence of defined events, and significance was assessed using the Wilcoxon test.
Results
Patient characteristics
Eighty-four patients (32 males and 52 females) with locally advanced or metastatic Soft Tissue Sarcoma (STS) were enrolled into the study. Demographic information for study participants is summarized in Table 1 . Patient age ranged from 18 to 78 years, with a median age of 54 years. The primary disease site was visceral in 43% of cases (gastrointestinal tract, 12%; lung, 7%; uterus, 24%), in the extremities (19%), retroperitoneal (12%), and other locations (26%). Histological tumor types include dleiomyosarcoma (43%), malignant fibrous histiocytoma (14%) and liposarcoma (12%). Prior to study recruitment, 50% of patients had undergone complete surgical excision of the primary tumor, while 36% had received postsurgical radiotherapy and 21% had received adjuvant chemotherapy. Patients were randomized to receive either Specific Conjugate Particle Doxorubicin (SCP-Dox) and paclitaxel (Group 1) or Pegylated liposomal Doxorubicin (PEG-Dox) and Paclitaxel (Group 2).
Treatment schedule
Treatment was administered on an outpatient basis. PEG-Dox or SCP-DOX of 45 mg/m 2 was administered by anintravenous infusion over 30 min on day 1, followed by paclitaxel 150 mg/m 2 as an intravenous infusion over 3 h, on day 1. Cycles were repeated every 28 days. All patients received standard premedication prior to paclitaxel administration in order to prevent hypersensitivity reactions. Standard antiemetic premedication and treatment was also administered. Patients received total of six cycles unless disease progression or unacceptable toxicity occurred.
Efficacy of SCP-Dox and PEG-Dox
From a total of 42 patients randomized to receive PEG-Dox and paclitaxel, six (14%) patients were not evaluable for response but they were included as non-responders for the purposes of an IntentionTo-Treat (ITT) analysis. In the 84 patients evaluated, 3 complete responses (CRs) and 16 Partial Responses (PRs) were observed. Stable Disease (SD) lasting longer than 16 weeks was noted in 36 patients (yielding an aggregate overall response rate of 65.5%). Patients receiving SCP-Dox had a significantly better response to therapy (more CR, PR and SD) than those receiving PEG-Dox (p<0.05).
Safety
PEG-Dox was discontinued in five patients. This was due to the development of a grade IV neutropenia in 4 patients and neurotoxicity in one patient. The most common adverse event observed was neutropenia, which occurred in 11 patients (3 receiving SCP-Dox and 8 receiving PEG-Dox). Three patients who received PEG-Dox developed bullous exanthema, which resulted in their treatment As shown in Table 4 , a total of 16 adverse events occurred in patients receiving PEG-Dox, whereas there were only 6 adverse events in patients who received SCP-Dox.
Discussion
Although this study was undertaken utilizing rigorous methodologies, there are some potential limitations. Firstly, the population of the experimental group is small, as it involved only eighty patients and so may not be representative of the general population. However, there was a statistically significant superior efficacy and reduced side effect profile associated with SCP-Dox. Secondly, patients were followed up for 12 months only. Future studies could undertake a longer period of follow-up based on the stage of carcinoma. These limitations would suggest further research may be required to confirm the promising results of this study, which include a larger number of patients over a longer period.
Solubility performance is the most challenging feature for various new chemical entities. Almost 60% of the new potential products retain solubility complications. This is the main cause for some of the New Drug Applications not successfully enter the market or reach their full clinical potential. There are many techniques in attempting to improve the drug solubility. A hybrid method in utilizing particle size reduction, nanosuspension, and the use of solid dispersion, are employed in producing SCP. Solid dispersion is an important approach for improvement of bioavailability of poor water-soluble drugs; however, our employed techniques of achieving SCPs are not unique to use of single hydrolyzing agent such as surfactants. A combination of the appropriate linking hydrophilic structure with the manufacturing techniques in achieving long shelf life of the produced structured SCPs is the key to its advantageous landscape. This is particularly important to combine the advanced technology of its production, with inexpensive product line, long shelf life, as well as its strong multi-aspect of IP protection. From technical and regulatory prospective as well as its legal front, SCP is a multi-edge advancement in drug delivery techniques.
The diverse kinetics of response detected with SCP-Dox mirror its exclusively latent mechanism of action. In some unambiguous presentation, it may take more time to build antitumor resistance in some patients as opposed to others. This may account for the deferred responses observed in some patients or the expansion in responses over time in other patients. Comparable to the kinetics of response, clinical studies with SCP-Dox in soft tissue sarcoma may indicate an overdue departure of Kaplan-Meier survival curves. The approaches presently used to analyze survival data from randomized clinical trials do not have an established structure for a delay in the parting of Kaplan-Meier curves; therefore, the alternate methods may be needed to compute the required number of responding events and the timing for final analysis of randomized trials where a delayed parting may be anticipated. This may avoid loss of statistical power due to biostatisticians' exaggeration of required events.
Conclusions and Future Directions
SCP-Dox was found to have superior efficacy to PEG-Dox in the management ofsoft tissue sarcoma irrespective of the primary disease sites. In addition, SCP-Dox proved to be a comparatively safer treatment regimen, with no major side effects when compared to PEG-Dox. Non-responders were treated at considerably later stages of disease when compared to responders (54 weeks vs. 35 weeks). Thus, improved results might be expected if these patients had been recruited to the study earlier in the course of their disease.
The development of SCP-Dox may be accompanied by a number of important lessons for the agent and for cancer therapy as a whole. These lessons have led to a successful clinical trial program for SCP-Dox in Soft tissue sarcomas. SCP-Dox is the first modulated Doxorubicin to demonstrate a statistically significant improvement in overall survival in a trial in patients with Soft tissue sarcomas. The predicted adverse events associated with SCP-Dox therapy are well described and reflect its small conjugated particle mechanism of action. Clinical studies showed that most adverse events were reversible using product-specific treatment guidelines, including prolonged duration of treatment and/or early temporary discontinuation of treatment. These guidelines can reduce the incidence of life-threatening events. The nature of the adverse events observed with SCP-Dox, along with potential safety studies; support the ability of SCP-Dox to break peripheral cytotoxic tolerance and to potentiate an anti tumor chemotherapeutic response mediated by leaky tumor phenomenon. The kinetics of response and survival data for SCP-Dox in Soft tissue sarcomas are characterized based on new insights for small particle development and may have general applicability for similar therapies. Thus, the observations made during the development of SCP-Dox add to the growing evidence for the utility of the clinical paradigm for cancer cytotoxic therapies as may be defined by the Cancer Consortiums.
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